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Abstract 
This work is meant to provide a multidimensional framework for an overall assessment of the growing impact of education as a 
strategic dimension for the knowledge-based economy in a globalized scenario. We interpret the performance of Euro area 
countries through a multiple regression where the GDP growth is a function of indices which summarize four main domains of 
globalization, i.e. economic integration, social awareness, technological potential, education. These indices (principal 
components) come out from a Principal Component Analysis (PCA) conducted on a database of 18 selected variables. The time 
period under investigation is the decade across the new millennium (1996-2006). 
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1. Introduction 
The role of globalization in the development process is not clear. Western countries give the impression of being 
performers in a play where the market may produce different effects with respect to raw materials distribution, 
human capital characteristics and institutional performances. In the post-industrial transitional scenario, typical of 
the most economically developed countries, the variables explaining patterns and dynamics of development are 
increasingly gaining immaterial features associated with knowledge. In modern globalized economies, stratified 
knowledge comes to be a key productive asset, and the role played by education in the economic process is decisive.  
The aim of this paper is to analyze how the GDP growth rate of the Euro area is related to education meanwhile, 
taking into account globalization dynamics. This is reached by several steps. After a selection of 17 indicators 
representative of four main dimensions of an open economy, a Principal Component Analysis (PCA) is applied to 
build three indices, that are independent linear combinations of the normalized original values. A further multiple 
regression between the GDP growth rate and the three indices allows us to predict the size of the effects of the level 
of education in the growth process. 
The paper is organized as follows. First, we introduce a critical review of literature on globalization, its outcomes 
and the role of human capital in the process of development. Section two presents the main results of the data 
analysis and section three concludes. 
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2. A critical review of literature 
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2. A critical review of literature 
Many would agree that the process of integration is due to the interaction between several factors. It is not simple 
to classify these dimensions when the study focuses on the growth process of regions or countries that operate in an 
open economy. Stiglitz (2002) advocates that the role of globalization in the development process is not clear and 
that a number of elements which are the basis of democracy, such as poor people interest, environment preservation, 
free trade and human rights, has to be taken into account to reach its beneficial potentials. Ravallion (2004) argues 
that the selection of indicators is a crucial point in the debate between globalization supporters and its discontents 
because the effects generated by this process may be affected by inherent value judgment of measurements and each 
opposing thesis may be sustained by data evidence. 
In opposition to the widespread discussion on globalization and its implication in the way of life, there are few 
studies about multidimensional frameworks of globalization. Most of them concern criticisms and improvements 
(Andersen 2003, Lockwood 2004) of a pioneer work about this argument, namely  A.T. Kearney Foreign Policy 
Magazine Index (Kearney A.T. 2001a, 2001b, 2006). This index is an assessment of globalization as a result of 
economic, technological and political integration. However, there are lots of international organizations that use 
synthetic indexes to monitor global and complex phenomena which represent some different expressions of 
integration, like human development, global competitiveness, human rights and environment preservation (UNDP 
1990-2007, WEF 2004 – 08, La Camera 2005; Wackernagel et al. 2004, www.rsf.org). 
The economic dimension is a crucial element of integration and it has produced benefits to those countries which 
have expanded their commercial borders, especially where governments have played a central role in this process. 
Over the last few years, a number of globalization measures concerning economic indicators have made a distinction 
between prerequisites and outcomes, i.e. the reduction of transaction barriers and the results of integration dynamics 
(Brahmbhatt 1998). With reference to countries’ comparative advantage and its implication for trade, Venables 
(2003) yields predictions about the formation of custom unions, which lead to the conclusion that agreements 
between low income countries may lead to a divergence of income levels and to the opposite direction an integration 
between high income members. Ben-David (1993) provides evidence that income convergence among specific 
industrialized countries may be related to movement toward free trade: timing of trade reforms coincides with 
periods of reduction in income disparity, which was not apparent among the same countries prior their liberalization 
nor among other industrialized countries.  
Focusing on the outcomes, the role of exports on growth is well known since the middle of last century, when the 
export led growth theory gained popularity (Lamfalussy 1963, Stern 1967, Beckerman 1962, Graziani 1969, 
Kindleberger 1967, Ciocca e Filosa 1972). Kaldor (1966) pays attention to the weight of autonomous demand 
components in explaining the GDP growth rate. Dixon and Thirlwall (1975) show that Kaldor’s analytical 
framework (1970) was similar to the model developed by Beckerman (1962) in trying to explain the causes that led 
to a faster growth rate of exports for the CEE countries in the 50’s and 60’s (Soro 1997). The lack of an explicit 
treatment of exports in the growth process is the starting point of Thirwall’s work (1978), who shows the relation 
between  trade and the income elasticity of import demand. Roughly speaking, Thirwall tries to explain the 
differences in growth rate between countries moving from the idea that economic growth can be explained on one 
hand by autonomous demand components and on the other hand by the balance of payments constrain. 
Since the 80’s, endogenous growth theory moved in two directions: the effect of specialization on international 
trade (Krugman 1987, Stokey 1991, Young 1991) and the interaction between the transmission of innovation 
throughout imports and the dynamics of exports (Rivera-Batiz, Romer 1991, Grossman, Helpman 1991, Barba 
Navaretti, Galeotti, Mattozzi 2004). Both of these thoughts are in agreement as they claim that the technological 
potential plays a central role in the growth process, and this is a relevant element which is underestimated by the 
traditional Ricardo’s theory of comparative advantage.  
Thirlwall (1978, 1982, 1998) Dosi, Pavit. e Soete, (1990), Fagerberg (1995), Amendola, Guerrieri e Padoan 
(1998), Meliciani (2001) developed theoretical models that show how the specialization in more o less innovation-
intensive sectors produces different effects on growth. 
The capacity to innovate of a country is linked to human capital. The relationship between human capital and 
growth has been analyzed by several authors. Many would agree that human capital is a crucial component of 
growth dynamics in both industrialized and developing countries. 
Since the 19th century there are studies that involve the role of immaterial elements in capital definition (Marx 
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1857.1858, Mill 1848, Smith 1776, Say 1821) without any formalization in an economic model. Senior (1939) 
sustained that education and learning soak up resources in paying an opportunity cost due to achieve more efficient 
work abilities with the hope of gaining higher wages in the next future. Kuznets (1961) reflects on the role of health, 
education and training on the growth determinants. The empirical evidence shows that the US annual growth 
average rate raised by 3% during a period of about thirty years (from 1929 until 1957) in spite of a reduction of 
working hours in several productive sectors. Denison (1962) gives an explanation of this phenomenon by 
introducing a residual factor, which is excluded from national accountability but related to education. Mincer 
(1958), Houthakker (1959) and Fabricant (1952) have come to similar conclusions drawing on the fact that 
immaterial capital was underestimated in the accountability of growth. The difference between production output 
and input is interpreted as a “measure of our ignorance” by Abramovitz (1956). 
Solow (1957) introduces technical progress into the traditional production function and his pioneer work is the 
source of development of recent debate on education. In the same period, Aukrust (1959) demonstrates the existence 
of a direct relationship between productivity and human factors, claiming that the human factor is a crucial engine of 
growth, and in this connection the research and education become key features of development. 
The 60’s see a proliferation of international debate on the subject of education. One of the two most 
representative conceptual frameworks which analyze the relationship between education and growth is the Nelson 
and Phelps approach (1966), which finds that the countries’ ability to innovate or catch up more advanced countries 
seems to be affected by the stock of human capital which is considered a driver of growth. The other view, with very 
different political implications, is due to a Lucas’s (1988) famous contribution to the endogenous growth literature, 
based on the idea that human capital accumulation is a source of sustained growth in alternative to technological 
change. This two stands of thought distinguish between the effect of the level of human capital and its accumulation 
(Aghion and Howitt, 1998). The Lucasian model considers human capital as an input of production just like any 
other input, so that differences in growth rates across countries are attributable to differences in the pace at which 
countries accumulate human capital over time. According to the Nelson and Phelps approach, however, which 
thinks of human capital as the primary source of innovations, the growth rate of output  depends on the rate of 
innovation, which is related to the level of human capital rather than to its growth rate. 
These pioneering contributions paved the way to a prosperous research activity that is still in progress. 
With that caveat in mind, in the present work, the following four elementary globalization domains are selected: 
economic integration, technological potential, social awareness and education. Each of them has been described by a 
few selected variables. Economic integration is described by FDI net inflow and outflow, External balance on goods 
and services, Trade (all of them are expressed as percentage of GDP), transport services (as percentage of 
commercial services imports and exports). The technological dimension is expressed by High-technology exports 
(% of manufactured exports), ICT goods exports and import (% of total goods exports) and Internet users (per 100 
people). Research and development expenditure, Public spending on education both as percentage of GDP, annual 
growth rate of GDP per person employed and labor force with tertiary education are proxies of education. Social 
awareness is summarized by the economic proxy of migration (Workers' remittances and compensation of 
employees, received as percentage of GDP) and of social interaction (International tourism, expenditures (as 
percentage of total imports) and receipts (as percentage of total exports)). The indicators are showed in Table 1. 
The next section will present a data application. 
3. The model 
Our statements are meant to provide a framework for an overall assessment of the role played by education in the 
growth process related to a globalized scenario. We analyze the performance of European countries in four main 
domains of globalization, i.e. economic integration, social awareness, technological potential, education. This is 
meant to take a further step forward in the analysis of the winner in the process of global integration with the 
purpose to investigate the role that education plays in reaching the beneficial potentials of globalization. We take up 
this point by implementing two statistic methods: the Principal Component Analysis (PCA) and a multiple 
regression. The former is devoted to reduce the number of the original correlated variables (Table 1) into a smaller 
number of uncorrelated indices (principal components), which express the data in such a way as to summarize the 
information from a most useful viewpoint. The latter allows us to predict the relationship between the GDP annual 
growth rate and the synthetics indices obtained from the PCA. 
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 The data come from the World Bank’s database (WDI on line) and the time period analyzed runs from 1996 
until 2006.  
Table 1. selected variables  (1996-2006) 
 
Labels Selected variables 
A GDP growth (annual %) 
B External balance on goods and services (% of GDP) 
C Trade (% of GDP) 
D Foreign direct investment, net inflows (% of GDP) 
E Foreign direct investment, net outflows (% of GDP) 
F Workers' remittances and compensation of employees, received (% of GDP) 
G High-technology exports (% of manufactured exports) 
H ICT goods exports (% of total goods exports) 
I ICT goods imports (% total goods imports) 
J International tourism, expenditures (% of total imports) 
K International tourism, receipts (% of total exports) 
L Internet users (per 100 people) 
M Research and development expenditure (% of GDP) 
N Public spending on education, total (% of GDP) 
O GDP per person employed (annual % growth) 
P Labor force with tertiary education (% of total) 
Q Transport services (% of commercial service exports) 
R Transport services (% of commercial service imports) 
 
We have started by the missing data reconstruction through well known methods, then the high correlation 
between the original variables has been verified before the use of PCA. In the second step, we implemented the 
orthonormal projection of the original normalized variables in principal components. The components represent a 
linear combination of the normalized values, and their coefficients are the component matrix elements (Table 4). 
The extraction of the first three principal components Į, ȕ ,Ȗ, is based on three criteria: explained variance 
(cumulative variance about the 88% (Table 3)), scree plot (figure 1), eigenvalues >1 (Table 3).  
The first component Į shows high and positive coefficients relative to the indicators taken to mean the role of 
education (R&D expenditures, labor force with tertiary education, public spending on education), of the number of 
internet users and of economic integration (trade). This component could be called globalized education index. Due 
to the elevated weights in the linear combination related to the technology terms (high-technology exports, ICT 
good imports and exports) the ȕ component expresses the core of the new wave of globalization. It is a summary of 
a country high-technology potential which is a crucial means of integration between markets and people in a process 
where country borders lose their significance and the use of ICT makes possible a time contraction. We interpret this 
component as an High-tech potential index. Similar observations are true for the third component Ȗ, which could be 
considered as a synthetic index of the labor productivity. 
By now, however, it is necessary to highlight that the first two components, both related to education, interpret its 
role in the economic process in a different way. The first one (Į) refers to the high education system as a whole. The 
second one (ȕ) defines the characteristics of human capital more related to market needs, thinking of education as a 
means necessary to develop a country’s technological potential, which is, as well known in literature, a determinant 
of economic growth and development.  
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Table 2 . The original variables  
 
Variables 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
A 1,59 2,60 2,83 2,93 3,86 1,91 0,92 0,79 2,08 1,64 2,81 
B 1,92 2,30 1,96 1,38 0,65 1,48 2,57 2,05 2,11 1,60 1,40 
C 57,76 62,02 63,72 64,80 72,89 72,39 69,86 68,42 71,30 74,59 79,40
D 1,14 1,25 2,41 4,99 10,23 4,35 5,31 3,58 2,03 4,26 3,95 
E 2,00 2,21 3,93 7,19 10,12 5,41 4,58 3,52 3,50 6,53 6,15 
F 0,41 0,50 0,50 0,51 0,52 0,54 0,53 0,51 0,49 0,49 0,50 
G 15,04 15,95 16,99 17,55 19,49 18,88 17,25 16,66 16,66 16,78 16,32
H 9,50 10,26 10,77 10,92 12,03 11,40 10,26 9,80 9,80 9,87 9,39 
I 10,93 11,72 12,79 12,89 13,45 13,12 11,88 11,44 11,64 11,42 10,94
J 7,87 7,34 7,19 7,23 6,80 6,86 7,04 6,97 6,54 6,36 5,76 
K 7,83 7,56 7,37 7,92 7,84 7,69 7,69 7,50 7,33 7,05 6,74 
L 2,93 5,17 8,11 15,46 22,79 27,72 36,64 43,06 48,33 51,73 55,97
M 1,79 1,77 1,80 1,82 1,86 1,85 1,90 1,86 1,84 1,84 2,01 
N 4,79 4,61 4,61 4,63 4,46 4,86 4,86 5,07 5,18 5,23 5,26 
O 0,88 1,79 1,09 1,06 1,51 0,39 0,27 0,39 1,35 0,47 1,21 
P 19,53 20,70 21,12 21,69 21,87 22,10 22,48 21,36 22,65 23,94 24,53
Q 25,09 24,84 24,53 23,61 23,08 22,26 22,36 21,20 22,47 22,33 22,54
R 24,50 24,20 23,63 23,45 24,13 22,85 23,24 22,84 24,67 24,65 25,35
 
Table 3 .  Main results of the Principal Component Analysis  
 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Component 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 (Į) 6,877 40,455 40,455 6,877 40,455 40,455 
2 (ȕ) 5,750 33,824 74,279 5,750 33,824 74,279 
3 (Ȗ) 2,291 13,477 87,756 2,291 13,477 87,756 
4 ,875 5,148 92,904    
5 ,405 2,382 95,286    
6 ,320 1,881 97,167    
7 ,229 1,346 98,513    
8 ,123 ,723 99,237    
9 ,084 ,497 99,733    
10 ,045 ,267 100,000    
11 3,253E-16 1,914E-15 100,000    
12 2,438E-16 1,434E-15 100,000    
13 1,224E-16 7,200E-16 100,000    
14 -4,688E-18 -2,758E-17 100,000    
15 -1,610E-16 -9,473E-16 100,000    
16 -2,461E-16 -1,448E-15 100,000    
17 -3,243E-16 -1,907E-15 100,000    
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Table  4.  Component matrix 
 
  Component 
  Į ȕ Ȗ 
B -.345 -.602 -.533
C .984 .101 .050
D .438 .792 .115
E .545 .713 .315
F .442 .617 -.381
G .336 .920 -.085
H -.084 .978 .052
I -.094 .948 -.009
J -.955 .118 -.189
K -.660 .576 -.225
L .918 -.280 -.184
M .838 -.086 .047
N .663 -.677 -.198
O -.234 .056 .807
P .949 -.099 .082
Q -.788 -.070 .530
R .258 -.502 .798
 
 
 
Figure 1. Scree plot   
 
The next step of the analysis was to estimate the relationship between the tree indices (Į, ȕ, Ȗ ) and the 
normalized values of the GDP growth rate (A), using the multiple regression technique (table 5). 
The estimated function is A=A(Į, ȕ, Ȗ). 
The goodness of fit, expressed by the R squared value (Table 5), is close to 1 and it demonstrates a good 
adaptation of the model to the data. In Table 6 the results of the elaboration are shown. Focusing on the F test, it is 
clear that there is an high capacity of the model to infer the value of GDP growth (dependent variable) from Į, ȕ, Ȗ 
(independent variables). 
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Table 5 . Multiple Regression Model Summary 
 
 
R  0,955 
R Square 0,912 
Adjusted R Square 0,874 
Standard Error of the 
Estimate 
0,1074772
R Square Change 0,912 
F Change 24,082 
df1 3 
df2 7 
 
Table 6. ANOVA 
 
 Sum Squares df
Mean 
Squares F Sig. 
Regression 0,835 3 0,278 24,82 0,000 
Residual 0,081 7 0,012   
Total 0,915 10       
 
Table 7. Multiple Regression Coefficients and Statistic 
 
Unstandardized Coefficients 95% Confidence Interval for B 
  B Std. Error t Sig. Lower Bound Upper Bound 
Constant 0,451 0,032 13,928 0,000 0,375 0,528
Į 0,002 0,034 0,054 0,958 -0,079 0,082
ȕ 0,153 0,034 4,510 0,003 0,073 0,234
Ȗ 0,245 0,034 7,204 0,000 0,164 0,325
 
Table 7 presents the coefficients of the following estimated function: 
 
GDP growth = 0,451 + 0,002 Į + 0,153 ȕ + 0,245 Ȗ 
 
As it may be observed, Ȗ is the variable most affecting the GDP growth rate and its multiplying coefficient is the 
highest among the others. Such a result is further enhanced by the coefficient of ȕ, which shows the second higher 
value. The influence of Į is smaller somewhat, as it exhibits a positive – though much reduced - multiplying 
coefficient. 
Consequently, the main contribution to the GDP growth rate comes from labour force productivity, high-tech 
potential and social awareness, while globalized education appears to be less influential. This result seems to imply 
a weak impact of education on growth. However, this is only apparently true: education as a whole does not 
decisively affect the rate of growth, but an education aimed at matching the needs of markets has a powerful 
influence over growth. This type of education is both contained into ȕ and Ȗ.  
As a result, the need for providing incentives to the most technologically advanced sectors is confirmed to be 
important, and this is particularly true in the present age of increasing integration, where the possibility to compete 
internationally largely depends upon the ability to innovate and to increase labour force productivity. Such an ability 
has to be acquired by means of an education process aimed at creating professional figures which are able to spot the 
changes of economics and society early. 
The model we tested shows how the technological component, conceived as both the ability of developing and 
applying technology (here represented by ȕ and Ȗ), is central in resuming economic growth in the Euro area 
References 
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countries. In order for these positive effects to be sharper, there must be a greater and more direct involvement of the 
productive system: in this way, this may result in an increase of productivity by means of increased specialization 
and competitiveness.  
The conclusion of the present analysis may be summarized by recalling the distinction between know-how and 
know-that, as introduced by English philosopher Ryle in 1949, which underlines how value creation can be made 
not only by acquiring knowledge, but also by applying it. 
4. Conclusion 
Our purpose is to give a contribution to the international debate about the crises affecting the economic systems 
all over the world, with a particular focus on the European countries. 
Many would agree that the decline in competitiveness for some industrialized countries, (e.g. Italy) is one of the 
main causes of  the limits in the pace of their economic growth. Innovation and technological specialization are a 
central determinant of economic integration, that is a crucial dimension of globalization. It needs, however, to be 
supported by R&D investments oriented to such an improvement of the production system.  
The implemented model provides the evidence that high education cannot produce the expected effects on the 
improvements of productivity, and then on economic growth and development. Investments on education and 
research are not effective if they can not meet the training needs of labor market. 
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